Abstract-The study was to estimate the livestock and poultry breeding (LPB) non-point source pollution load in
I. INTRODUCTION
In recent years, LPB has been the major source of agricultural non-point source pollution with the increasing demand of livestock and poultry products in China. For its pollution control, estimation and evaluation studies on LPB non-point source pollution load have been the basic work. In the study area, a lot of methods can be used, for example transport coefficient model [1] , SWAT [2] , inventory method [3] and export coefficient model [4] . In all methods, export coefficient model was regarded as a simple and convenient model and had been applied in many areas.
To the end of 2012, output value of animal husbandry in Sichuan province was ¥ 226.986 billion, accounting for 41.8% of gross output value of agriculture [5] . However, there is lack of systemic research of LPB non-point source pollution in Sichuan province. The objective of the study was to estimate the LPB non-point source pollution load in Sichuan province in 2012 and provide support for control of LPB non-point source pollution.
II. MATERIALS AND METHOD

A. Study area
Sichuan is located in the southwest of China and contains 21 administrative institutions. The cultivated field was 39910 km 2 and surface water resource was 292.1 billion m 3 . In 2012, the annual slaughter of pig, cattle, sheep, poultry and rabbit was 91.94 million, 3.04 million, 19.16 million, 988.98 million, and 100.32 million, respectively. The other used data of 21 administrative institutions can refer to reference [5] .
B. Methods
1) Study framework
In this study, formation progress of LPB non-point source pollution load was divided to three processes, namely generation process, discharge process and export process. The research technical route is shown in Figure 1 . 
2) Estimation model
Depending on the export coefficient model, an improved LPB non-point source pollution load estimation model was established from the stages of generation, discharge and export as follows:
a) The pollutant generation model
Where T i is the total LPB pollutant generation load of ith pollutant (t·y -1 ); Q j is the quantity of livestock and poultry (capita) ( b) The pollutant discharge model
Where L i is the total LPB pollutant discharge load of the i th pollutant (t⋅y -1 ); R ij refers to LPB pollutant discharge coefficient (g⋅capita (Table III) . c) The pollutant export model
Where I i is the total LPB pollutant export load of the ith pollutant (t⋅y -1 ); C is the pollutant export coefficient. Pollutant export coefficient of livestock and poultry waste is associated with local rainfall, local topography and the distance between the area of pollutant producing and the river. Firstly, in terms of the distance between the area of pollutant producing and the river, estimation units were grouped into two classes of A and B. A is on behalf of the units which possess main streams or tributaries. B refers to the units which possess the secondary tributaries. The basis pollutant export coefficient of A and B is 30% and 25%. Secondly, the basis pollutant export coefficient was revised in teams of the local rainfall and topography. Correction factor to the basis pollutant export coefficient is shown in Table IV and Table V . Finally, pollutant export coefficient of livestock and poultry waste was confirmed. 
III. RESULTS AND DISCUSSION
A. Pollutant generation loads of LPB
According to the equation (1), TN, TP and COD generation loads of LPB were estimated in each unit in Table VI (column 2) . The total generation loads of TN, TP, and COD was 421860.34 t, 73183.22 t and 7192384.64 t, respectively. In Sichuan province, the maximum of TN, TP and COD loads appeared in Liangshan, which accounted for 10%, 9% and 9% of total pollutant generation loads of Sichuan, while the minimum generation loads appeared in Panzhihua.
According generation loads of LPB and cultivated field areas in each administrative institution in 2012, per area pollutant generation loads of TN, TP and COD were calculated ( Figure 2 ). In Fig. 2 , it can be found that per area TN, TP and COD generation loads of Aba were the maximum, which were 381.70 kg⋅hm -2 , 40.94 kg⋅hm -2 and 7810.34 kg⋅hm -2 , respectively. The annual per hectare limited load of TN and TP was 170 kg and 35 kg [11, 13] . In Sichuan province, per area TN loads of Aba and Ganzi were over the limited level, while per area TP loads of Aba was over the limited level. In Aba, per area TN load was 2.25 times than the limited level, while per area TP load was 1.17 times than the limited level. B. Pollutant discharge load of LPB According to the equation (2), TN, TP and COD discharge loads of LPB were estimated in each unit in Table VI (column 3) . The total pollutant discharge loads of TN, TP, and COD in Sichuan province were 169302.65 t, 23737.94 t and 3228082.48 t, which were 40%, 32%, and 45% of the total pollutant generation loads, respectively. Among 21 units, TN, TP and COD discharge loads of Liangshan were the maximum, which accounted for 10%, 10% and 9% of total pollutant discharge loads of Sichuan province.
C. Pollutant export load of LPB
According to the equation (3), TN, TP and COD export loads of LPB were estimated in each unit in Table VI (column 4). The total export loads of TN, TP, and COD in Sichuan province were 97086.62 t, 13620.3 t and 1861604 t. In 21 units, TN, TP and COD export loads of Liangshan were the maximum, which accounted for 13%, 13% and 12% of total pollutant export loads of Sichuan province.
The ratio of the export loads and the quantity of surface water resource can be used to describe the surface water pollution degree caused by LPB. Figure 3 showed that the ratios of TN, TP and COD in 21 units. As shown in Fig. 3 , the ratios in east of Sichuan province were larger than those in west of Sichuan province. In all 21 units, Suining was the region in which surface water pollution caused by TN, TP and COD from LPB was the most serious. IV. CONCLUSION
In the study, TN, TP and COD loads of LPB of Sichuan province in 2012 were estimated from the stages of generation, discharge and export. The generation, discharge and export loads of TN, TP, and COD were 421860.34 t, 73183.22 t and 7192384.64 t, 169302.65 t, 23737.94 t and 3228082.48 t, and 97086.62 t, 13620.3 t and 1861604 t , respectively. In three processes, Liangshan had the maximum TN, TP and COD loads. In 21 administrative institutions of Sichuan province, Aba was the maximum per area generation loads region of TN, TP and COD, while Suining was the region in which surface water pollution caused by TN, TP and COD from LPB was the most serious. Therefore, Aba and Suining were the critical regions of LPB non-point source pollution control. In Sichuan province, controlling LBP non-point source pollution should to be attached importance with the development of LPB industry.
